Background: Increasing evidence has incriminated active smoking as a causal factor for tuberculosis (TB). However, the effect of secondhand tobacco smoke exposure on TB has not been similarly elucidated.
Methods: A cohort of 15 486 female never-smokers aged 65 to 74 years and living with their surviving husband were enrolled at 18 Elderly Health Centers in Hong Kong from 2000 to 2003 and followed up prospectively through linkage with the territory-wide TB notification registry and death registry for TB and death until December 31, 2008 , using an identity card number as a unique identifier. The relationship between passive smoking and the development of TB was assessed with adjustment for other baseline characteristics.
Results: Passive exposure to secondhand tobacco smoke in the household was independently associated with obstructive lung disease (odds [OR], 1.43; 95% confidence interval [CI], 1.16-1.77) and diabetes mellitus (OR, 1.13; 95% CI, 1.02-1.26) at baseline and with the development of both active TB (hazard ratio [HR], 1.49; 95% CI, 1.01-2. 19 ) and culture-confirmed TB (HR, 1.70; 95% CI, 1.04-2.80) on prospective follow-up after potentially confounding background variables were controlled for. Passive smoking accounted for 13.7% of active TB and for 18.5% of culture-positive TB in this cohort.
Conclusions: Similar to active smoking, passive exposure to secondhand tobacco smoke in the household also predisposes to the development of TB. Increased emphasis should therefore be put on tobacco control in national TB programs.
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T HE ASSOCIATION BETWEEN smoking and tuberculosis (TB) was investigated as early as 1918. 1 In recent years, active smoking has been shown to be associated with TB after a series of potential confounders were controlled for in a prospective cohort in Hong Kong. 2, 3 Active smoking has also been associated with TB infection 4, 5 and mortality, [6] [7] [8] [9] albeit with more heterogeneous effect sizes and/or lesser degrees of certainty. [10] [11] [12] Indoor cigarette smoke is a major source of indoor air pollution. Passive smokers are exposed to similar toxic substances as active smokers, though at different concentration ranges. However, only limited data are available to support the association between secondhand smoke exposure and TB, [13] [14] [15] [16] [17] and the existing evidence is insufficient for any definite conclusion. Use of biomass fuel, another major source of indoor pollution in developing areas, has also been associated with TB disease, [18] [19] [20] but, like passive smoking, it is not easy to disentangle the direct effect of biomass fuel amid a myriad of potential confounders.
In Hong Kong, the Elderly Health Service provides a community-based health maintenance program to the elderly through 18 centers. 2 For each person on enrollment, a trained nurse administers a standardized questionnaire, collecting information on the Hong Kong identity card number and sociodemographic variables, including passive exposure to cigarette smoke in the same household. The questionnaire is followed by history taking, medical examination by a family physician, and chest x-ray examination, arranged as needed. These key variables are entered into a structured database using the Hong Kong identity card number as the unique identifier, and they are regularly checked for completeness. Notification of TB disease has been a statutory requirement in Hong Kong since the 1940s. The territory-wide computerized TB notification registry is kept under the Tuberculosis and Chest Service, again using the Hong Kong identity card number as the unique identifier. A well-functioning statutory death registration system is also in place, and the identity card number, date of death, and certified causes are entered into a computerized death registry. With the availability of these databases, a prospective cohort study was conducted to look at the association between passive smoking and TB in Hong Kong.
METHODS
A cohort of individuals who enrolled at the 18 Elderly Health Centers from January 1, 2000, to December 31, 2003 , was retrospectively assembled. The date of enrollment, name, sex, age, identity card number, smoking status, passive exposure to tobacco smoke in the same household, alcohol use, language spoken, education level, marital status, housing situation, working status, public means-tested financial assistance status, body mass index, coexisting medical conditions, hospital admission within 1 year, recent weight loss of 5% or more within 6 months, and activity of daily living scores (possible range, 7-21, from total independence to total dependence) were retrieved from the baseline health assessment database of the Elderly Health Service. Only women younger than 75 years who were married but not widowed, separated, or divorced at baseline were included in the present analysis. All persons with active TB, a suspected malignant neoplasm, or a significant weight loss of 5% or more in the past 6 months at baseline were excluded. The database was then cross-matched prospectively with the TB notification registry and the death registry using the identity card number as identifier, supplemented by name and age, from enrollment to December 31, 2008 . The duration of follow-up was defined as the period from enrollment to the date of notification of TB, death, or December 31, 2008, whichever came first. Information on date of TB notification and bacteriological status was retrieved from the TB registry. The diagnosis and clinical information of all identified TB cases, including contact with other TB cases in the same household, were verified by reviewing the medical records retrieved from the chest clinics and other relevant sources as well as the public health records of the Tuberculosis and Chest Service.
A never-smoker was defined as a person who had never smoked as much as 1 cigarette a day or the equivalent for the duration of 1 year. A passive smoker was defined as a person who lived with 1 or more smokers in the same household at baseline. A regular drinker and a social drinker were defined as persons who drank on 4 or more days per week and on 3 or fewer days per week, respectively. An ex-drinker was a regular or social drinker who had stopped drinking. A never-drinker was defined as a person who had never been a regular or social drinker. Hypertension, diabetes mellitus, and cardiac and cerebrovascular diseases were defined as the corresponding physician-diagnosed conditions, and the updated diagnoses after the screening at enrollment were used in the analysis.Obstructivelungdiseasewasdefinedasphysician-diagnosed chronic obstructive pulmonary disease or asthma. An active case of TB was defined as disease proved by isolation of Mycobacterium tuberculosis or, in the absence of bacteriological confirmation, as disease diagnosed on clinical, radiologic, and/or histologic grounds together with an appropriate response to anti-TB treatment.
Univariate analysis was first performed to analyze the relationship between passive smoking and other baseline variables and to compare the incidence rates of TB among different subgroups. Fisher exact and 2 tests were used as appropriate for categorical variables, and 1-way analysis of variance was used for numerical variables. These univariate analyses were followed by multiple logistic regression for cross-sectional analysis and Cox proportional hazards modeling in prospective follow-up analysis, with adjustment for all relevant potential confounders. Potential multicollinearity was considered. The proportional hazards assumption of the Cox model was assessed by inspection of the log minus log curve. The attributable risk was derived by applying the adjusted hazard ratios (HRs) to a modified version of the Levin formula 21 : population attributable risk of a factor=1−(rate in the unexposed population/rate in the total population). A 2-tailed P value of .05 was considered statistically significant. The study was approved by the Ethics Committee of the Department of Health of Hong Kong.
RESULTS
A total of 15 888 female never-smokers aged 65 to 74 years who were married and living with a surviving husband were recruitedintotheElderlyHealthServicefromJanuary1,2000, to December 31, 2003 . Seventy-four individuals with preexisting malignancies, 320 with weight loss of 5% or more in the last 6 months, and 8 who died within 91 days of enrollment were excluded, leaving 15 486 subjects for analysis.
The background characteristics of the cohort, stratified by passive exposure to cigarette smoke in the household, are shown in Table 1 . The data were more than 99.9% complete for the variables listed. The vast majority (98.5%) were ethnic Chinese who spoke the Cantonese dialect. The mean activities of daily living score of 7.01 was close to the lowest (total independence). Passive smoking was significantly associated with younger age, lower education level, living in public housing, not being a neverdrinker, higher body mass index, obstructive lung disease, and diabetes mellitus. However, some of the differences between groups were very small (eg, age), and the low P values could have arisen from a large study population. No significant association was found for Cantonesespeaking, public social security assistance, hypertension, heart disease, cerebrovascular disease, hospital admission within 1 year, and activities of daily living scores. Table 2 summarizes the results of cross-sectional multiple logistic regression analyses of the risk factors for obstructive lung disease and diabetes mellitus. Only sociodemographic factors were entered as predictor variables in the cross-sectional analyses because factors related to current health status could be affected by the outcome variables themselves. Passive smoking remained a risk factor for both conditions at baseline after the relevant background sociodemographic variables were controlled for.
The mean (SD) duration of follow-up of the entire cohort, as counted from 91 days after enrollment to notification of TB, death, or December 31, 2008, whichever came first, was 2691 (508) days. A total of 124 TB cases were identified from the territory-wide TB registry, 7 of which were excluded because of a wrong diagnosis after review of the medical records. Of the remaining 117 active TB cases, their mean (SD) duration of follow-up was 1433 (879) days. Eighty-three persons (70.9%) had pulmonary involvement alone, 24 (20.5%) had extrapulmonary involvement alone, and 10 (8.5%) had both. Fifteen persons (12.8%) had a history of treatment, and 102 (87.2%) represented new cases. Overall, 69 cases (59.0%) were culture confirmed. Only 5 of the 117 active TB cases (4.3%) involved a history of contact with a patient with TB in the household: 2 cases within 2 years and 3 cases more than 2 years earlier. Among the 117 active TB cases, there were no significant differences between individuals with and without passive exposure to cigarette smoke in the household in the percentages of new cases (89.2% vs 86.3%; P=.66), culture-confirmed cases (64.9% vs 56.3%; P=.38), and exposure to TB in the household (2.7% vs 5.0%; Fisher exact test, PϾ.99). None of the patients with confirmed TB was known to be infected with human immunodeficiency virus (HIV). Twenty-three of the patients with confirmed TB (19.7%) died after a median of 312 days (range, 0-2307 days), but only 3 of all such deaths (13.0%) were attributable to TB. Passive smokers had a higher risk (0.26% vs 0.11%; P=.04) of developing TB, with subsequent death for all causes, in comparison with those not so exposed. However, the difference failed to reach statistical significance when only TB-related deaths were considered (0.026% vs 0.017%; Fisher exact test, P=.57). Table 3 summarizes the incidence rates of both active TB and culture-confirmed TB by passive smoking status. Higher rates of active TB (132 vs 93 per 100 000 person-years; relative risk [RR], 1.43; P = .07) and cultureconfirmed TB (86 vs 52 per 100 000 person-years; RR, 1.64; P=.04) were observed between those passively exposed to cigarette smoke within the household and those not exposed. Very consistent RRs were observed after exclusion of TB cases within the first year (1.37 for active TB and 1.54 for culture-positive TB, P=.14 and P=.11, respectively) and re-treatment TB cases (1.47 for active TB and 1.66 for culture-positive TB, P =.07 and P=.06, respectively), although the P values fell short of statistical significance with the reduced sample sizes. Table 4 shows adjusted HRs of various factors for both active TB and culture-confirmed TB in an overall Cox proportional hazards analysis. Passive smoking significantly increased the risk of both active TB (adjusted HR, 1.49; P=.04) and culture-confirmed TB (adjusted HR, 1.70; P = .04) after adjustment for other potential confounding factors. The Figure shows the hazard curves for passive smokers and nonpassive smokers in the Cox analysis for the entire follow-up period. Using the prevalence of passive smoking and its adjusted HRs for active TB and culture-positive TB as derived, 13.7% (95% confidence interval [CI], 0.3%-27.9%) of active TB cases and 18.5% (95% CI, 1.3%-36.9%) of culture-positive cases within the cohort were attributable to passive exposure to tobacco smoke within the household.
COMMENT
To our knowledge, this is the first prospective cohort study to demonstrate a significant and independent association between passive smoking and TB. Passive exposure to tobacco smoke within the household was found to be an independent predictor of the development of both active TB and culture-confirmed TB among a cohort of never-smoking married women aged 65 to 74 years af- ter a series of potential confounders were controlled for. Passive smoking accounted for 13.7% of active TB cases and 18.5% of culture-positive TB cases in this cohort. At baseline, passive smoking was also found to be independently associated with obstructive lung disease (odds ratio [OR], 1.43; 95% CI, 1.16-1.77) and diabetes mellitus (OR, 1.13; 95% CI, 1.02-1.26) ( Table 2) . A very similar effect size (OR, 1.48; 95% CI, 1.18-1.85) was reported between passive smoking and chronic obstructive lung disease in a recent cross-sectional analysis in China. 22 Two prospective cohort studies, one in Japan 23 and another in the United States, 24 also found an association between passive smoking and glucose intolerance or diabetes mellitus, even though their effect sizes of 1.35 and 1.81 were somewhat higher than those observed in this study.
Very scanty data were previously available on the relationship between passive smoking and TB. [13] [14] [15] [16] [17] In a community survey among children in South Africa, living in the household with at least 1 smoking adult was associated with a positive tuberculin skin test result in univariate analysis, but the association was lost after adjustment for age, presence of a patient with TB in the household, average household income, and clustering at the household level.
14 In any case, the tuberculin skin reaction is not specific and could be affected by BCG vaccination and other cross-reactions. Very limited data are available on active smoking and TB infection using a more specific interferon gamma release assay, 25 but data are still pending with regard to passive smoking. Clinically manifest disease is perhaps less elusive than latent TB infection, as the isolation of M tuberculosis from clinical specimens generally provides unequivocal evidence for the presence of the disease. In an unmatched case-control study among household TB contacts in Spain, passive smoking was associated with pulmonary TB (adjusted OR, 5.39) after adjustment for age and socioeconomic status. 15 A dose-response relationship was also observed between the risk of active pulmonary TB developing immediately after infection and the number of cigarettes smoked daily by adults in the household. Mean detectable urinary cotinine concentrations were also significantly different between diseased contacts and nondiseased contacts. In 2 hospital-based case-control studies in Thailand, passive smoking at home 21 and outside the home 22 was associated with a 9.31-fold and a 3.13-fold risk of TB, respectively. However, there might be difficulties in the control of multiple confounders in these small-scale case-control studies. 23 Furthermore, the observed effect sizes were also exceptionally large, substantially higher than those reported for active smoking 2,3,10-12 and in sharp contrast with the modest effect size reported between passive smoking and lung cancer. 26 In this study, the moderate effect sizes of passive smoking (1.49 for active TB and 1.70 for culture-confirmed TB), as compared with the figures of 2.63 and 2.80, re- Abbreviations: CI, confidence interval; HR, hazard ratio. a Passive smoking and all variables as listed in the first column of Table 1 were entered as predictor variables into the initial models; under the backward conditional approach, age, Cantonese speaking, education, housing, alcohol use, obstructive lung disease, hypertension, heart disease, cerebrovascular disease, and diabetes mellitus, all with a P value above .10, were removed.
b All HRs were mutually adjusted for each other. spectively, for current active smoking in a similar recent cohort, 2 might be more compatible with the relative exposure levels. The relatively small effect size might also partly explain why it has previously proved so difficult to establish such a relationship in a prospective study. Although passive smoking might exert a smaller effect than active smoking at an individual level, a much bigger impact might be expected at the population level because everyone breathing the same air could be affected, smokers and never-smokers alike. Indeed, passive smoking accounted for 13.7% of active TB cases in this cohort, while active smoking, current or previous combined, only contributed to 8.6% of active TB cases among elderly women in Hong Kong. 2 The figures for passive smoking in this study could well be underestimates, as allowance has not been made for past or other sources of passive exposure among the reference group.
This study is community based. In the original design of the program admission questionnaire, a passive smoker was defined as an individual who lived with 1 or more smokers in the same household at baseline. No further details of exposure source or intensity were available, and 1 limitation is that we could not examine the dose-response relationship. To maximize the chance of detecting an association, we focused on a homogeneous group of neversmoking, married, community-living women aged 65 to 74 years. Limiting the study to this particular group would be expected to maximize the chance of exposure to a living smoking spouse, to avoid confounding by active smoking, to minimize the effects of other comorbidities, and to give a reasonable yield of TB cases on follow-up. Persons with suspected malignant neoplasms or a significant weight loss of 5% or more in the past 6 months at baseline were also excluded. With the prospective design, the exclusion of events in the first 91 days after recruitment, and a considerable period of follow-up, the possibility of reverse causality would be effectively minimized. The risk differential between passive smokers and those not so exposed also persisted throughout the whole period of follow-up (Figure) .
Incomplete case ascertainment could be a cause of concern. The cohort was followed up through a territorywide notification registry, which captured TB cases all over Hong Kong. The presence of a good health care infrastructure, the statutory requirement for all adult citizens to carry the identity card, a statutory TB notification system, and widespread use of the identity card number as a unique identifier were important factors that facilitated the current study. Undernotification remains a problem for all notifiable diseases. However, the cohort was already under the care of a service in the Department of Health and had ready access to the chest clinics in the same department for free TB treatment. In a local audit of TB notifications, the undernotification rate was only 3% in the chest clinics even before the introduction of specific improvement measures. 27 Because we examined the differences between subgroups in this cohort, there should be good internal validity.
In this study, a passive smoker was defined as an individual who lived with 1 or more smokers in the same household at baseline. A territory-wide Thematic Household Survey conducted in 2000 found that 21.8% of men 60 years or older were current daily smokers. 28 This percentage was rather similar to the 25% passive smoking rate among the married elderly women in this cohort. Selectively, mortality might still have occurred among some of the heaviest male smokers, but this would lead to an underestimate of the association between passive smoking and TB. No information was available about the tuberculin status or the newer interferon assays because such screening was not regularly performed. The sensitivity of the tuberculin skin test has been shown to be affected by advanced age, 29 while insufficient informationisavailableforthenewinterferonreleaseassays. 25 With the significant past burden of TB, 30 a high percentage of latent TB infection is expected among our elderly cohort. A previous study in Hong Kong reported a tuberculin reactivity rate (Ն10 mm) of 68.6%, in the absence of recent contact history, among residents of nursing homes after 2-stage tuberculin skin testing. 31 Overcrowding could have been a potential confounder by facilitating the transmission of TB. Although overcrowding was not examined as a separate variable, attempts were made to control for type of housing and other important social determinants of living conditions, such as education level and public assistance. None of the patients with TB in our cohort was found to be HIV positive on voluntary HIV screening, which was regularly offered to all patients with TB in the Hong Kong Tuberculosis and Chest Service. Such results concur with the low HIV prevalence (Ͻ1%) found by unlinked anonymous HIV assays. 29 In contrast to communities with a high HIV prevalence, HIV is unlikely to confound the relationship between passive smoking and TB in Hong Kong.
As active smoking has been shown to increase the risk of TB, the association between passive smoking and TB could have arisen indirectly from increased exposure to TB within the same household. However, as in other high TB incidence areas, only a small percentage of patients with TB in Hong Kong could be traced to a probable contact source. 31 Most of the exposure probably occurred unrecognized outside the family setting, especially when the TB notification rate was as high as 700 per 100 000 population in the middle part of the last century. In 2006, among 2153 notified patients with TB who were older than 60 years, only 3.3% gave a history of contact with another TB case. 31 In the cohort described in this article, only 5% of the patients with TB gave a history of contact with a TB case in the household either within or over 2 years during the case investigation after notification. With such a low figure, TB contact in the household would be grossly insufficient to account for the observed association between passive smoking and TB. Furthermore, there was no significant difference in such contact exposure between individuals who were passively exposed to tobacco smoke and those who were not. Therefore, the weight of evidence is in support of a direct effect of passive smoking on TB risk rather than indirectly through increased TB risk among active smokers. 
